This paper examines the transmission of information from German and the U.S. markets to domestic markets using daily price and volume data of 264 stocks from 26 countries that are traded in their home country and cross-listed outside their home market as depository receipts (DRs); in the German market as Global Depository Receipts (GDRs) and in the U.S. as American Depository Receipts (ADRs). We identify days with significant news arrivals in a market through minimum thresholds for both significant absolute price change and trading volume. DR returns and volatilities are affected by the shocks in the markets where they are cross-listed controlling for domestic shocks. Contemporaneous and/or lagged shocks to the cross-listed markets are transmitted to domestic stock returns and volatilities. South American DRs are affected mostly by U.S. shocks, while Eastern European DRs show greater reaction to the German shocks.
I. Introduction
There are several strategic reasons for firms to cross-list their stocks in a foreign market (Pagano, Roell, and Zechner, 2002) . These strategic motives can be broadly classified into (i) lowering cost of capital (Foerster and Krolyi, 1999; Erunza and Miller, 2000) ; (ii) improving liquidity (Smith and Sofianos, 1996, Foerster and Karolyi, 1998) ; and (iii) improving shareholder protection (Doidge, 2004; Doidge, Karolyi, and Stulz, 2004) . It is also observed that firms list in multiple foreign markets. According to Sarkissian and Schill (2004) more than 20% of the internationally listed stocks are listed in more than one foreign market. The selection of the foreign market to cross-list may depend on firm specific characteristics such as gaining product visibility in the cross-listed market (Saudagaran, 1988) ; geographic proximity of the cross-listed market to the home country (Sarkissian and Schill, 2004) ; or the nature of business (Pagano, Roell, and Zechner, 2002) .
The most preferred method of cross-listing is to use American Depository Receipts (ADRs). One of the requirements for issuing ADR is that the issuing firm has to follow the U.S.
Securities and Exchange Commission's (SEC) guidelines on disclosure. Depending on the level of disclosure and whether the firm is using the ADR to raise new equity, these ADRs are classified into three levels. Level I ADR is the least expensive to issue and has relatively less stringent disclosure requirements, but can only be traded in the over-the-counter (OTC) market in the U.S. and cannot be used to raise new capital. Level II ADRs are allowed to trade in organized exchanges in the U.S., but the issuing foreign firm has to undergo full disclosure requirements as stipulated by SEC and cannot be used to raise new capital. With a Level III ADR, the issuing firm can raise new capital and list the ADR in an organized exchange in U.S., but has to provide to the SEC financial statements prepared according to the U.S. Generally different reasons for firms to cross-list them in these two markets. Even though it is difficult to identify the specific strategic reasons for choosing the specific market for cross-listing, the difference in raising new capital itself is an indication that firms use the U.S. and German markets for different reasons. Our study contributes to the existing literature in being the first of its kind to look at the effect of systematic shocks in two different cross-listed markets: U.S. and Germany on the return and volatility of the cross-listed stock in its domestic market. This paper develops a methodology that takes into consideration the abnormal trading volume and absolute price changes to first identify significant systematic shocks to a cross-listed market and then uses this information to test whether these shocks are transmitted to the cross-listed firm's domestic returns and volatility.
Cross-listing can change the location of trading activity and price discovery. Baruch, Karolyi, and Lemmon (2007) find that trading volume of a cross-listed stock is likely to migrate to the market where "peer" firms are traded. Several studies using intra-day data indicate that price discovery takes place in the more liquid market 1 . If the price discovery takes place in a market other than the domestic market, then these cross-listed stock returns are more susceptible to the systematic shocks in the market where the price discovery takes place. It is also interesting to study if a stock is listed in multiple markets, systematic shocks in which market has a more significant impact on the cross-listed stock return and volatility. In this study we use a pooled sample of DR returns from 26 different countries to test the effect of systematic shocks in host and domestic market on the returns and return volatilities. Prior research 2 has indicated that return co-movements can be due to country factors as well as industry factors. Pooling the DR from various industries from a country eliminates most of the industry specific factors and in this 1 Eun and Sabherwal (2003); and Gramming, Melvin, and Schlag (2005) among others.
2 Heston and Rouwenhorst (1994) , Longin and Solnik (1995) , Cavaglia, Brightman and Aked (2000) .
respect tests the transmission of shocks at the country level rather than the firm level. This feature is clearly demonstrated in recent research by Bekaert, Hodrick and Zhang (2009) , where they found the country factors are more significant in return co-movements as compared to industry factors, whose effects are short-lived.
Information based shocks to a market can be attributed to unanticipated outcomes of scheduled macroeconomic announcements such as unemployment rates, inflation, etc. or totally unanticipated events such as natural or man made calamities, political turmoil and similar events.
Many of the previous studies of transmission of shocks across markets have focused exclusively on the effects of scheduled macroeconomic announcements on stock returns and volatility in another market. This paper further contributes to the literature in deviating from the previous studies by using the price and volume data to identify news arrivals in a market. This proxy for news arrival is used to find whether the movement in one market has significant effect on the return and volatility of stocks in another market.
In any given day market participants will be receiving information which they may use in revaluing the stocks. Some of this information will be firm-specific and will have an effect only on the price of that particular stock. Some information may have an effect on a large segment of the market or on the entire market itself. If the investors have heterogeneous beliefs, there may be a large volume of trade between the market participants, but very little change in price. If the market participants have homogeneous beliefs on the information, then there will be considerable increase in volume along with changes in price. If the information is perceived as positive, the volume and price will increase. If it is perceived as negative, then the volume will increase and price will decrease. The model's innovative feature is the use of both volume and price change to identify significant shocks and is a general one that can be used in testing the linkages between markets.
In a world were equity markets are subject to several systemic shocks other than those associated with scheduled macroeconomic announcements, it is necessary to use a proxy as developed in this paper to study the transmission of these shocks. In the following literature review we look at some of the prior literature that studied the macroeconomic announcement effects on multiple markets, a strand of literature that looks at the contagion of shocks from one market to another to see if these are caused by economic fundamentals.
The rest of the paper is developed in the following manner. After the literature review in Section 2, the empirical methodology used in this paper is discussed in Section 3. Details of the data are given in Section 4 and the results are discussed in Section 5. Section 6 concludes this paper.
II. Literature Review
The effects of macroeconomic announcements in a major market, such as the U.S., are studied in several papers. Booth, Martikainen and Tse (1997) , Bracker and Koch (1999) , and
Martens and Poon (2001) find that macro-economic announcements in the U.S. has an effect on the non-U.S. stock market prices. Bollerslav, Cai and Song (2000) and Graham, Nikkinen and Sahlstrom (2003) demonstrate the varying significance of these announcements from country to country. Using intraday data, Becker, Finnerty, and Friedmann (1995) show that the volatility of the U.K. market increases around regular macroeconomic announcements in the U.S. In a study of six European economies, Nasseh and Strauss (2000) find that stock prices are jointly determined by the macro-economic activity in those countries. One of the draw backs of this methodology is that if a macroeconomic announcement confirms to the prior market expectation, there will be very little reaction in the market to that announcement. On a firm level cross-listing subjects the price of a stock to react to shocks to its domestic market and the cross-listed markets. Vasconcelos (2005) examines transmission of information while studying the stock price reaction to earning announcements of 338 firms from 40 countries before and after the issue of ADRs, showing that the listing of ADRs affect price behavior in a way consistent with increased investor protection and a reduction in insider trading.
Chowdhry and Nanda (1991) explore the rational exploitation of private information of large traders who split their trade across markets. Menkveld et al (2007) and in particular Menkveld (2008) further the work of Chowdhry and Nanda (1991) and test for order splitting by studying trading hours that do not overlap and then extend it by allowing sophisticated investors to time their trades as in Admati and Pfleiderer (1988) .
III. Methodology
The methodology developed in this section offers a new approach by using both volume and price changes to identify significant shocks; yet it is well adapted to test the linkages between markets. To elaborate the new approach we begin by identifying days with significant shocks that had a market wide effect on the prices and volume in domestic as well as cross listed markets. A trading day with significantly high trading volume and absolute change in price of the broad market index is an indication that, on that given day an important information event has taken place. Thus the first step in our model is to identify days with significantly high trading volume. A study by Chae (2005) shows that the distribution of daily volume is non-normal, with high skewness and kurtosis and hence ordinary least squared method cannot be used on the level of volume. To alleviate this problem in this study we use a log function of the volume as suggested by Ajinkya and Jain (1989) . It is also observed in most markets that the trading volume increases over time and in some cases in a non-linier fashion. As suggested by Chen, Firth, and Rui (2001) , using the following regression and correcting for serial correlation, the trend stationarity in trading volumes of different markets is studied.
Where, v i,t is the log of daily volume for the i th market at time t, T is the trend variable and ε i,t is the error term in the regression with zero mean and finite variance. By de-trending the volume using the above regression, the error term from the above regression represents deviations in the volume from the trend line.
The second step is to create the proxy variable for days with high volume and absolute change in price. This requires the identification of days when there was a significant change in volume coupled with significant changes in absolute return for the market. The error term from equation (1) and the daily price changes are used to create the following dummy variables, as stated in equations (2) and (3). The first dummy variable has a value of 1, when the error term has a value greater than one standard deviation and the price has increased on that day by more than 0.5 percent. The second dummy variable has a value of 1 when the error term has a value greater than one standard deviation and the index has declined in that day by more than 0.5 percent. These dummy variables capture days in which there is a significant news arrival and significant change in absolute price. coefficients is significant and positive, then only that market had an effect on the return of the DR. As pointed out by Peterson (2008) , in the presence of correlation of residuals across firms, OLS standard errors can be biased. To avoid this problem the Newey-West (Newey and West, 1987) procedure is used in estimating the standard errors.
Similarly, the following regression is used for the entire time period to test the effect of down movement in the U.S. and the German market on the underlying stock returns.
Shocks in cross-listed markets can also have an impact on the volatilities of cross-listed stocks. GARCH volatilities of individual DRs are estimated using the following models:
where r i,t, is the daily return of the i th DR at time t, t i, ε is a random variable of each DR at time t with conditional mean zero and conditional variance.
,t i
σ . After individual volatilities are estimated for each of the cross-listed stocks, the volatilities of DRs from each of the countries are pooled together. A pooled cross-sectional regression analysis is conducted to test the effect of shocks in the U.S. and German markets on the DR's volatility. Since the impact of the news, as captured in the dummy variables, will affect the volatility of the stock the next day, following Nikkinen, et al. (2006) , the regression equations below are used to test the effect of the U.S. and German markets' upward and downward movements on the volatility of the DRs. 
In this regression the dummy variables US, GR and DI are the sum of dummy variables 4 as estimated in equations (2) and (3) for the U.S., German and domestic markets respectively.
IV. Data
The data for this study covers the period from September 1995 Out of the 26 countries in the sample, 14 are from emerging markets and the rest are developed countries. Geographical proximity, flexibility of listing and some possible synchronous trading hours encourage firms to list on specific markets outside their home country. For example, the proximity of the German market encourages several firms from Eastern Europe to list in Germany while continuing to cross list on the U.S. market, whereas, Latin American firms gyrate towards the US market while continuing to list on non-U.S. markets. The list of indices used in this study along with the results from volume regression (1) is given in Table 2 . S&P 500 Index is used as the proxy for the U.S. market and DAX 30 for the German market.
V. Results
The summary statistics of returns of the ADRs in their domestic markets are given in explain the substantial part of the changes in trading volume in these markets. On a particular day, if there is a significant deviation from the trend line, it is an indication that there was a significant change in volume on that day. Since the model in this paper assumes that under homogenous expectations trading volume increases as a result of information arrivals, only positive deviations from the volume trend are considered as significant.
The fraction of days where there was significant increase in volume and price are given in Table 3 , column two. Since high trading volume days are identified as days where the volume was one standard deviation above the regression line, the maximum number of days with high trading volume should be approximately 0.165 of the total number of days. The actual fraction varies from 0.0733 for South Korea to 0.1497 for India, indicating that the error term from the trend stationarity equation (1) may not be normally distributed. The fifth column in Table 3 indicates the number of high volume without any significant change in prices. This figure varies from 0.0194 for Argentina to 0.0504 for Portugal. In general this variable is between 0.02 and 0.04, which indicates that on most of the days with high trading volume there is also significant change in price.
For many of the emerging markets, there are more days with high volume and positive change in price compared to negative change in price. One possible explanation for this is that during the time period covered in this study many of the emerging stock markets experience sustained increase in stock prices. On the other hand, the proportion of positive and negative price movements is more evenly balanced for developed markets. In the last column of Table 3 the average price movement on high volume days is given. Even though in this paper a change of 0.5 percent is considered as significant price change, the averages are uniformly above 1 percent.
The effects of positive and negative shocks in the home and cross-listed markets on ADR returns is tested using a pooled sample of daily returns of ADRs from each of the 26 countries in this study. Equation (4) identifies the contemporaneous relationship between the DR returns and a positive shock in the domestic and foreign markets where the DR is listed. Table 4 The effect of negative shocks in the U.S. and German markets on the returns of DRs is tested using equation (5) and the results are given in Table 5 The relationship between the volatility of the DR returns and the shocks in the U.S. and the German markets are given in Table 6 . As expected the domestic shocks had statistically significant impact on the volatility of the DR returns, with the volatility increasing due to either positive or negative shocks. There are observable regional patterns, with the Latin American DR return volatility being affected to a greater degree by the U.S. shocks than the German shocks.
On the other hand, the European DR return volatilities are affected more by the German shocks than the U.S. shocks. Spatial separation and the flow of the shocks are again observed in the lagged shocks. Countries in the same time zones exhibit contemporaneous effect of shocks, while those that are in different time zones show that the lagged shocks are the ones that have significant effect on the DR volatility.
Overall the results indicate that there is considerable transmission of shocks from the U.S. and German markets into the returns and volatility of cross-listed stocks. Most of the previous studies that looked into the transmission of shocks due to macro economic announcements did not take into consideration whether the announcement contained any surprise element or not. This may be the reason why these studies were not able to produce significant transmission of shocks due to macro economic announcements.
In this paper the dummy variable for significant information shocks allows us to capture the effects of unanticipated macro economic announcements as well as shocks associated with other random macro events. The use of both U.S. and German stocks in this study allows the effect of two major markets on the return and volatility of cross-listed stocks and the strength of these shocks based on regional affinities. The lagged dummy variables show that the transmission of shocks is from the major markets to the domestic markets.
VI. Conclusion
This paper looks at the effect of shocks in foreign markets on the returns and volatilities of domestic stocks that are dual listed in foreign markets. Since DRs are the most common method of cross-listing, this study uses ADRs and GDRs to study the effect of shocks in two prominent markets where these ADRs are listed. This study differs significantly from other studies in the empirical methodology used in identifying the shocks. In previous studies macroeconomic news announcements are used as a proxy for significant news arrivals. But as many studies have indicated, it is the unexpected component of the macroeconomic announcements that will cause the shocks to a market. The model uses the volume and price data to identify the shocks, without specifically identifying the macroeconomic news that caused the significant change in the market returns. The use of this dummy variable also allows us to capture the other random, but significant news events that are not caused by macro economic announcements.
Results of this study clearly indicate that after controlling for the domestic shocks, the DR returns and volatilities are affected by the shocks in the markets where they are cross-listed.
The results indicate that the transmission of shocks is from the major markets to the domestic market. Geographic proximity also determines which of the two major markets have greater effect on the domestic stock. South American DRs are affected mostly by U.S. shocks, while the Eastern European DRs show greater reaction to the German shocks. 
Where ε i,t is the error term in the regression in Table 2 , i ε σ is the standard deviation of the error term, P i,t is the price of the i th market index at time t. 
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